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a  b  s  t  r  a  c  t
Background:  Although  malunion  resulting  from  reconstruction  for scaphoid  fracture  nonunion  is  a  typical
complication,  there  has been  little  consideration  regarding  its clinical  outcomes.
Hypothesis:  The  quality  of  restoration  of the  scaphoid  anatomy  may  have  little  effect  on clinical  outcomes.
Materials  and Methods:  Twenty-ﬁve  patients  with  scaphoid  fracture  nonunion  underwent  curettage  and
internal  ﬁxation  with bone  grafting  performed  by a single  surgeon,  and they were  followed  up  for  a
minimum  of  5 years.  Some  of these  patients  comprised  the  malunion  group  if the  height/length  ratio  (H/L
ratio)  in the most  central  longitudinal  computed  tomographic  image  was  more  than  0.6.  We  compared
the  clinical  outcomes  of  the  malunion  group  with  a well-union  group  based  on  various  clinical  scores
(Patient  Evaluation  Measure,  Disabilities  of  the  Arm,  Shoulder  and  Hand,  modiﬁed  Mayo  wrist  scoring
system).
Results:  The  average  follow-up  period  was  81 months  (range:  65–110),  and  15  cases  among  the  25 patients
were  included  in  the  malunion  group.  There  were  no  statistical  differences  in  the  clinical  scores  between
malunions  (15 cases)  and  well  unions  (10 cases),  and  there  was  no  correlation  between  the  H/L  ratios  and
the clinical  outcomes.
Conclusion:  The  clinical  outcomes  of  malunited  scaphoids  after  reconstruction  for  scaphoid  fractures
nonunion  did not  differ  signiﬁcantly  from  well-united  scaphoids  at a minimum  5-year follow-up.
Level  of evidence:  Level  IV, prognostic  case  series.. Introduction
Although scaphoid fractures are the most common carpal bone
ractures, as many as one fourth of them may  be missed during
he acute stage of fracture because of their anatomical complexity.
ondisplacement and simple fracture of the scaphoid is often invis-
ble on plain radiographs [1]. Moreover, because of the scaphoid’s
omplex and insufﬁcient blood supply, nonunion or malunion com-
only occurs unless appropriate treatment is administered [2].
herefore, it is most important that the initial diagnosis is made
recisely, and adequate surgical remedies should be available to
esolve nonunion or malunion if early diagnosis or treatment is
elayed. Among the various reconstruction techniques for scaphoid
onunion reported, curettage and internal ﬁxation with bone graft
nd vascularized bone graft are known to be effective [3–8]. How-
ver, if severe humpback deformity or preoperative shortening
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of the scaphoid are present, malunion may  occur despite effec-
tive surgical treatments [9,10]. Malunion resulting from surgery
for scaphoid fracture nonunion is a typical complication; however,
there has been little consideration regarding the clinical outcomes.
Some previous studies had reported the poor clinical outcome of
scaphoid malunion [11,12]. However, the validity of ﬁndings of
those studies on malunion has been questioned because of con-
cerns regarding the use of the lateral intrascaphoid angle to assess
malunion, as this has poor reproducibility [13,14]. Thus, in this
study, we used the height/length ratio as a more reliable mea-
sure of scaphoid malunion and evaluated the midterm clinical
outcomes of scaphoid malunions that occurred after reconstruc-
tion for scaphoid fracture nonunions in comparison with those of
well-united scaphoids, and analyzed the correlation between the
degree of scaphoid malunion and clinical outcomes.2. Materials and methods
Twenty-ﬁve patients who  were treated for scaphoid nonunion
at a single institution by one surgeon from March 2004 to June
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Fig. 1. The height/length ratio was estimated on the central longitudinal CT slice. A










































Demographic factors of union and malunion group.
Averages of factors Union (n = 10) Malunion (n = 15) P valuea
H/L ratio 0.53 (0.49–0.58) 0.69 (0.6–0.83)
Age at operation 31 (15–49) 29.6 (15–46) 0.522
Duration until
diagnosis (months)
27 (2–84) 9.6 (2–24) 0.174
Union period (months) 4 (3–7) 4.2 (2–6) 0.863
Follow-up period
(months)
75 (58–98) 84.4 (65–110) 0.129
Locations of fracture All waist (10) Waist (10),
proximal pole (5)
groups (Table 2). In brief, the malunion group did not present any
other clinical symptom in distinction from the union group. They
Table 2
Clinical outcomes of union and malunion group.
Union (n = 10) Malunion (n = 15) P valuea
Grip strength (kg) 45.4 (31–52) 45.8 (35–52) 0.567
Grip  strength (%
contralateral)
95.7 (60–115) 98.9 (65–110) 0.461
Wrist ﬂexion (◦) 75.5 (60–80) 72.3 (60–80) 0.285
Wrist extension (◦) 72 (65–75) 67 (45–75) 0.367
Total wrist motion (◦) 147.5 (125–155) 139.3 (105–155) 0.338
Total wrist motion (%
contralateral)
95.8 (87–100) 93.7 (80–100) 0.495
Pain  level (VAS) 1.4 (0–7) 1.2 (0–4) 0.892
PEM  (range: 14–98) 19.2 (14–57) 17.5 (14–32) 0.160long the baseline is measured, as it the height of the scaphoid perpendicular to the
aseline.
008 were included in the study, and they were followed up for
n average 81 months (range, 65–110 months). The average age at
urgery was 29 years (range: 15–46 years), and the patients were 24
en  and 1 woman. The scaphoid fracture sites were the waist in 20
ases and the proximal pole in 5 cases, and it had taken an average
f 18 months (range: 4–84 months) to diagnose scaphoid nonunion
ince the injury. Computed tomography (CT) scans of the scaphoid
ere examined to determine if the bone union of the scaphoid was
aintly visible in plain radiographs 6 weeks after surgery.
The surgical techniques performed in the case of nonunion of the
caphoid waist were curettage, autogenous iliac bone grafting, and
nternal ﬁxation with screws or pins [4–7]. If the proximal pole of
he scaphoid, with or without necrosis, was the site of nonunion, or
he previous autogenous bone graft had failed, curettage, vascular-
zed bone grafting, and internal ﬁxation with pins were performed
3,4,8].
The height/length (H/L) ratio of the scaphoid was used as the
arameter to determine malunion of the united scaphoid (Fig. 1). If
he H/L ratio was  more than 0.6, the united scaphoid was  regarded
s malunited [15]. Two observers independently measured the H/L
atio on the reconstructed CT slice that they agreed to accept as the
ost central slice parallel to the longitudinal axis of the scaphoid,
nd then interobserver reliability was assessed by using the inter-
lass correlation coefﬁcient (ICC) [16]. The average of H/L ratios
easured by 2 observers was used in data analysis as the ﬁnal H/L
atio of each case.
At the time of last follow-up, the patients were evaluated
y an investigator not involved in previous treatment. Objective
utcome measures included grip strength (Jamar hydraulic hand
ynamometer, Patterson Medical, Warrenville, USA) and range of
otion (ROM), which was measured with a goniometer. Pain lev-
ls were assessed using a visual analogue scale (VAS) ranging from
 (no pain) to 10 (worst pain imaginable). The Patient Evaluation
easure (PEM, range: 14–98), Disabilities of the Arm, Shoulder
nd Hand (DASH) questionnaire (range: 0–100) and modiﬁed Mayo
rist scoring system (range: 0–100) were used as the clinical eval-
ation tools, and the data obtained at last follow-up were analyzed.
The clinical outcomes of the malunion group and the unionroup were compared by using the Mann-Whitney U test, and the
orrelation analysis between the H/L ratio and the clinical outcomes
as analyzed by using the Spearman rho test. A P value < 0.05 was
onsidered statistically signiﬁcant.a Mann-Whitney U test.
3. Results
The ICC of the H/L ratios measured by 2 observers was  0.826
(P < 0.01); it meant “excellent reliability” and corresponded with
the results reported by Bain et al. [13] and Ring et al. [14] Fifteen
cases had estimated H/L ratios of more than 0.6 and were classi-
ﬁed as the malunion group, and the remaining 10 patients were
classiﬁed as the union group (Table 1).
Three patients had reoperations at 6, 11, and 44 months after
surgery because of persistent nonunion. All of them underwent
curettage, autogenous iliac bone grafting, and internal ﬁxation
at the time of their ﬁrst surgery. After nonunion was veriﬁed,
curettage, autogenous iliac bone grafting, and pin ﬁxation were
performed a second time in 2 patients, and 1 patient underwent
vascularized bone grafting and pin ﬁxation at the time of reopera-
tion. The scaphoids of the 3 patients eventually united, but only 1
of them belonged to the union group.
Objective and subjective outcomes are summarized in Table 2.
Grip strength averaged 95.7% (range: 85–115) of the contralateral
side in the union group and 95.2% (range: 55–110) in the malunion
group at the last follow-up. ROM (ﬂexion/extension) averaged 75.5◦
(range: 60–80)/72.0◦ (range: 65–75) in the union group and 72.3◦
(range: 60–80)/67.0◦ (range: 45–75) in the malunion group. There
are no signiﬁcant statistical differences of objective outcome mea-
surements between the two  groups (Table 2). The mean clinical
scores of the union group at the last follow-up were 19.2 points
(range: 14–57, PEM), 5.3 points (range: 0–37.9, DASH question-
naire), 91.0 points (range: 50–100, modiﬁed Mayo wrist scoring
system), and those of the malunion group were 17.5 points (range:
14–32, PEM), 2.8 points (range: 0.9–6.9, DASH questionnaire), and
90.3 points (range: 65–100, modiﬁed Mayo wrist scoring system).
There are also no signiﬁcant statistical differences between the twoDASH (range: 0–100) 5.26 (0–37.9) 2.82 (0–6.9) 0.643
Mayo wrist score
(range: 0–100)
91.0 (50–100) 90.3 (70–100) 0.643
a Mann-Whitney U test.


























nig. 2. The correlation analyses of H/L ratio and objective outcomes, such as grip str
rist  ROM (% of contralateral side) (D) by Spearman’s test.
ad also a little pain and good ROM similar to the union group at
he last follow-up.
Spearman’s test revealed no signiﬁcant correlations between
he H/L ratio and hand grip strength or the total ranges of wrist
otion (ﬂexion plus extension), whether they were measured as
n absolute value or as a percentage of uninjured side (Fig. 2). The
/L ratios also did not correlate statistically with pain levels or the
hree types of clinical scores (Fig. 3).
. Discussion
Malunion is one of the common complications after surgery
or scaphoid nonunion, and various opinions exist regarding the
linical results of the malunion. Amadio et al. [11] reported that
nly 27% of malunited scaphoids with greater than 45◦ of lateral
ntrascaphoid angulation had a satisfactory clinical outcome. In
ontrast, according to the study by Jiranek et al. [17], Russe anterior
orticocancellous bone grafting for scaphoid nonunion was  per-
ormed and there was no signiﬁcant difference in the subjective
esults comprising function, pain, and perception of a decrease in
erformance among patients who had a malunited scaphoid with
ore than 45◦ of lateral intrascaphoid and those who had no such
eformity. Forward et al. [15] classiﬁed scaphoids that were treated
onservatively for 1 year as the malunion group if their H/L ratios
ere more than 0.6, and compared with the union group that
ad an H/L ratio of less than 0.6. However, no differences in the
linical scores between two groups were noted, and there were
o signiﬁcant relationships between the clinical results and the (kg) (A), grip strength (% of contralateral side) (B), total wrist ROM  (◦) (C), and total
radiologic parameters of scaphoid alignment such as H/L ratio, lat-
eral intrascaphoid angle, and dorsal cortical angle. Our study also
showed that there were no differences in clinical outcomes after
surgery for scaphoid nonunion between the malunion group and
the union group over 5 years of follow-up, and the H/L ratios (range:
0.49–0.83) had no correlation with the clinical scores. For all the
reasons given previously, we  are convinced that the morphology of
scaphoid reconstructed from the nonunion would have less effect
on their clinical outcomes.
We used the H/L ratio as the indicator to determine malunion
because the H/L ratio is superior to the lateral intrascaphoid angle
or the dorsal cortical angle in intrareliability, interreliability, and
reproducibility [13,14]. In addition, for improving the reliability of
radiologic parameters, 2 observers independently participated in
measuring the H/L ratios, and the averages of their data were used
for this study.
Although several previous studies, including ours, reported that
there was no relationship between the radiologic parameters of
scaphoid alignment and the clinical results, Megerle et al. [18]
announced that the radiologic indicator of carpal instability, espe-
cially the radiolunate angle, has a signiﬁcant relationship with the
clinical results of scaphoid malunion. In our study, all cases had
radiolunate angles of more than −15◦ or no dorsal intercalated
segment instability in lateral plain ﬁlms at last follow-up; as a
result, carpal instability may  have little effect on clinical results.
However, if the follow-up periods are extended or the severities
of scaphoid malunion increase, carpal instability or osteoarthritis
may  occur and have a negative effect on clinical results. Therefore,




























mig. 3. The correlation analyses of H/L ratio and clinical outcomes, such as pain level
est.
uture studies will be required to analyze the correlation between
he severity of scaphoid malunion and the factors (such as carpal
nstability or osteoarthritis) that can affect the clinical results. Based
n correlation studies, it will be necessary to deﬁne an acceptable
ange of severity of scaphoid malunion, which has little chance to
nduce carpal instability or osteoarthritis. In addition, the afore-
entioned radiologic parameters such as H/L ratio, radiolunate
ngle, etc. are two-dimensional so that they have limit to inter-
ret three-dimensional patterns of scaphoid and carpal instability.
onsequently, further studies about the carpal kinematics with
caphoid malunion based on in vivo three-dimensional analysis
hould be needed.
This study has several limitations, mostly stemming from its
mall sample size and retrospective design. A mixture of proximal
ole and waist fracture also could be confounding factor for this
tudy. However, we think that it may  have little effect on the clinical
utcomes of scaphoid malunion, though the proximal pole fracture
ight tend to be malunion (all 5 of the proximal fractures lie in
he malunion group). In addition, as there is no normal reference
ange for the H/L ratio, value of > 0.6 (the mean value) were deﬁned
s indicating malunion somewhat arbitrarily. Therefore, the max-
mum length of the scaphoid, which is compared to the normal
ide, will be considered a more useful parameter that decide the
exion moment of proximal row in the future studies associated
ith carpal instability [19].. Conclusion
The present study has shown that the clinical outcomes of
alunited scaphoids after reconstruction for scaphoid nonunion (A), PEM (B), DASH (C), and modiﬁed Mayo wrist scoring system (D) by Spearman’s
fractures did not differ signiﬁcantly from well-united scaphoids at a
minimum 5-year follow-up. There was no correlation between the
severity of scaphoid malunion and clinical outcomes. Proceeding
from these results, it should be concluded that the morphology of
scaphoid reconstructed from the nonunion had little inﬂuence on
the clinical outcomes at midterm follow-up.
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